Ecotourism generates important revenue in many developing economies, but poorly regulated ecotourism can threaten the long-term viability of key biological resources.
9 red-and-green macaws from 08:00 to 17:00 h, corresponding to the period of greatest use for this species. Red-and-green macaws were the only large macaw that regularly used this claylick. For each boat that passed the claylick, we recorded time, direction of travel, and engine type. We recorded the closest distance to the claylick for each boat in 50-meter bands (0-50 m from the claylick; 50-100 m etc.). We classified macaw responses to boats as follows: 0 -no reaction; 1 -increase in alarm calls; 2 -minor flush; 3 -moderate flush (up to 75% of birds take flight, but remain in the area); 4 -major flush (> 75% of the birds take flight, but remain in the area); 5 -complete flush (100% of the birds take flight and leave the area for ten minutes or more). We recorded responses separately for macaws in the trees and on the claylick. However, of the boats that passed when macaws were present, 61% (N = 3373) caused no reaction, so we conducted modeling with response as binomial (reaction 'yes' or 'no').
Here we used macaw response as the dependent variable, with boat type, boat distance from the claylick, and direction of travel as fixed effects and month as a random effect. We ran a full linear model with all two-way interactions using the lme4 package (Bates et al. 2013) and selected the best model by AIC, using the dredge function in the MuMIn package (Barton 2011) in R.
DISTURBANCE OF RED-AND-GREEN MACAWS AT PIEDRAS.-We also monitored the Piedras claylick on 115 days for reactions to boat traffic. The red-and-green macaws reacted to every boat that passed and abandoned the area (level 5 response) for 97 percent of these 152 boats. Given this uniformly strong response, modeling the influence of boat and boat travel characteristics on macaw reaction was not feasible. DAILY TEMPORAL PATTERNS OF CLAYLICK USE BY RED-AND-GREEN MACAWS.-At Hermosa, we examined the influence of boat traffic, tourists on foot, and raptor presence on geophagy patterns by red-and-green macaws hourly (sum of bird-minutes per hour interval) from 08:00 to 17:00 h. Using date as a random effect and total claylick use by hour as the dependent variable, we modeled the influence of disturbance using total traffic for each boat type, sum of raptors, and total tourists as fixed effects using MCMCglmm, with parameters as per modeling of early morning disturbance. Due to the non-linear response of geophagy with time, we illustrate claylick use as a function of hour at Hermosa, TRC, Piedras, and Chuncho using the loess local regression approach with default settings in the dplyr package (Wickham & Francois 2014) in R.
EFFECT OF TOURIST LOCATION ON SPATIAL DISTRIBUTION OF EARLY MORNING CLAY-
LICK USE AT TRC.-The TRC claylick is approximately 500 m long with three main claylick sites (as per Brightsmith & Villalobos 2011) and three corresponding tourist observation points. The three observation points were 80, 105, and 150 m from the closest site used by birds. The tourism guides usually took their guests to the observation point closest to where claylick use was most intense in the preceding days. Tourist groups generally arrived before 05:30 h and were seated on folding chairs with little or no concealment from the claylick. To determine the influence of tourist location on parrot claylick use, we correlated the proportion of claylick use on each of the three sites at TRC with the number of tourists at the closest observation point (i.e., proportion of birds using the right side correlated with the number of tourists at the right observation point) using Spearman's ranked correlation tests. We repeated this independently for each parrot species (N = 13) and each of the three observation points (left, center and right).
RESULTS
Mixed groups of psittacines were seen on the majority of days (79% of 1636 days across all 7 claylicks monitored), making these claylicks a very reliable tourism resource. Average claylick use per early morning (before 08:00 h) varied greatly among licks, ranging from an average of 215 ± 328 (SD) bird-minutes for Colpita to 5561 ± 2164 for Chuncho. The number of parrot species ranged from 9 at Colpita to 16 at TRC (Table 2) . Tourist presence at these licks before 08:00 h was highly variable, ranging from 3 percent of mornings at Piedras to 78 percent of mornings at TRC (Table 1). After 08:00 h, parrot use of the claylicks was dominated by large macaws (at six of seven licks) and small parrot species (cobalt-winged parakeet Brotogeris cyanoptera, Amazonian parrotlet Nannopsittaca dachilleae, or black-capped parakeet Pyrrhura rupicola). Among the large macaws, all three species (red-and-green, scarlet, and blue-and-yellow) used the TRC and Chuncho licks, but red-and-green was the only large macaw regularly recorded at EI, Gato, Hermosa, and Piedras. EFFECTS OF DISTURBANCE ON EARLY MORNING CLAYLICK USE.-Our multivariate analysis of disturbance of early morning claylick use included five claylicks (Hermosa, Gato, Colpita, EI, and Piedras) where all six disturbance types could be documented (tourists, boat traffic, raptors, arboreal mammals, terrestrial mammals, and other large birds). We found no evidence that tourist presence at these claylicks decreased the total claylick use for any of the eight common parrot species (Pmin = 0.13; Table S1 ). At these same five claylicks, increased outboard boat traffic was associated with decreased claylick use for two species (orange-cheeked parrot, dusky-headed parakeet).
However, increased boat traffic (both outboard and peke peke) was surprisingly associated with increased claylick use for yellow-crowned parrot. The presence of raptors, arboreal mammals, terrestrial mammals and other large birds at these five licks was not significantly related to claylick use for any of the eight common species (Pmin = 0.1).
Exceeding the capacity of the observation blind at Hermosa was associated with a significant decrease in claylick use for five of the eight species analysed (Table   S2 ). However, this only happened on 5 percent of early mornings.
DISTURBANCE OF RED-AND-GREEN MACAWS BY BOATS AT HERMOSA.-On average, boats passed the Hermosa claylick 23 ± 7 times per day between 08:00 and 17:00 h (N = 419 full days). Boats with outboard motors (mostly used by tourist lodges) were more common than 'local transport' boats driven by peke peke motors (outboard: mean = 17 ± 6 per day, peke peke: mean = 10 ± 4; t = 20.1, P < 0.001, df = 772).
Tourist-related boat traffic typically travelled downriver in the early morning with departing tourists, and returned upriver in the afternoon with recently arriving tourists, resulting in a bimodal daily peak in boat traffic. Boats travelling upstream were more likely to stop to observe the claylick compared to boats travelling downstream (5% of downstream traffic; 16% of upstream traffic, N = 10,319).
Overall, 39 percent of the boats passing the Hermosa claylick caused birds to fly either from the trees, the claylick, or both. Red-and-green macaws were disturbed significantly more often by boats that passed close to the claylick (Fig. 1A , Table S3 ).
Boats traveling upstream and peke peke boats disturbed the macaws significantly more often than downstream boats and outboard motor boats (Fig. 1A , Table S3 ). 95% CI: 0.087 to -0.040, P = 0.17 for outboards, Table S4 ). This suggests that the macaws do not avoid the claylick during hours of peak boat traffic. The number of raptors present was also not associated with significant reductions in claylick use.
However, we found a significant negative relationship between the number of tourists present and the hourly use of the Hermosa claylick by the red-and-green macaws (95% CI: -0.156 to -0.002, P = 0.04, Table S4 ). Red-and-green macaw use of the Hermosa claylick peaked in the afternoon and highest tourism use of the blind was in the early morning ( Fig. 2A ). This suggests that these macaws may be avoiding using the claylick during the periods of peak tourism use of the observation blind.
Further patterns of temporal use at other claylicks supports this idea that the birds may be avoiding the times of peak tourism activity: At TRC, guided tourist groups used the trail immediately above the claylick (< 20 m from geophagy sites at some points) and observed the birds perched in the trees and those visiting the claylick (DJB, pers. obs.). These groups frequently scared the birds from the trees and the claylick. This tourism traffic peaked between 09:00 h and noon while claylick use by large macaws peaked in the early afternoon (Fig. 2B) . In contrast, large macaw use analysed at the species level, 10 of 13 species fed in significantly lower numbers at the claylick section closest to these occupied observation points (Table 3 ). In general, the negative correlations between tourist numbers and claylick use were stronger on the right side where the observation point was closer, except for species that rarely (<6%) used the right hand side of the claylick (orange-cheeked parrot, dusky-headed parakeet, white-eyed parakeet, and white-bellied parrot). None of the species using the middle section were noticeably affected by higher tourist group size at the middle observation point, 150 m away.
DISCUSSION
Our findings indicate that tourism and boat activities around claylicks had little or no negative effects on the total amount of time birds spent using them. However, human activities often temporarily interrupted claylick use, and birds often distanced them- nearly all boats that passed the claylick disturbed the birds (Piedras), whereas flush responses to boat presence were very low at a claylick on a wider, high-traffic river (Hermosa)
As found in previous studies, different types of boats elicited different responses. Burger and Gochfeld (2003 ; Table S3 ) found that the native people, who often hunt macaws, elicited a response in some cases 25 times greater than the researchers. In our study, the differences in effect magnitude between boat types were much 
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